Nano alumina (NA) was added into tricalcium silicate (C 3 S) to participate in hydration. The results of calorimetry showed that the addition of NA delayed second exothermic peaks, but the second exothermic peak and the total heat was significantly higher than that of the control. It explaind that NA had a passivation and promotion effect on C 3 S hydration. SEM showd that NA could make the C 3 S paste structure more compact. DSC-TG results showed that Na promoted the formation of C 3 S more Ca(OH) 2 and C-S-H gel.
INTRODUCTION
In recent years, the application of nano-materials in cement and concrete have been focused on the actual application increasingly. Because of the high reactivity, fine particle sizes and remarkable surface area of nano-materials , the influence of nano-materials on the properties of cement-based materials has been extensively studied 1 . Various nano-materials such as nano-SiO 2 [2] [3] [4] , nano-TiO 2 5, 6 , nano-Al 2 O 3 [7] [8] [9] [10] [11] , nano-CaCO 3 12, 13 , carbon nano-fibres 14 have being used in cement-based materials recently. The study conducted by Z. L et al. 15 suggests that nano-Al 2 O 3 (NA) can greatly improve the elastic modulus of cement concrete. Studies by Nazari et al. 16 shows that the addition of 1 wt% nano-Al 2 O 3 in cement concrete resulted increased by 16.7% in compressive strength at 28 days.
NA provides three synergistic effects in Hydration process of cement:(1) Seeding effect or nucleation effect. NA can induce the form of C-S-H and promote the hydration of cement, and can also act as highly efficient nucleation sites for the silica units released from cement particles. (2) Filler effect. NA can be filled in the nano-scale smaller pores, this can reduce porosity. (3) Pozzolanic reaction. NA can react with calcium hydroxide to form the hydration of calcium aluminates. This reaction can promote additional C-S-H gel.
In this study, tricalcium silicate mineral was prepared by sol-gel method 17 . Hydration of C 3 S with different amounts of NA was tested by SEM and conduction calorimeter. The calcium hydroxide （CH） content and quantification of C-S-H were determined by the TGA technique. This provided a theoretical basis for the hydration characteristics of C 3 S with different amounts of NA in our system. 
MATERIALS AND EXPERIMENTAL PROGRAM

Raw Materials
C 3 S mineral was synthesized by sol-gel method, saltpeter solution as catalyst and absolute ethanol as cosolvent, using Ca (NO 3 ) 2 •4H 2 O （> 99% pure）as calcium source, TEOS（> 99% pure） as silicon source. The percentage of f-CaO of tricalcium silicate was less than 0.3%. Particle size distribution of C 3 S were measured by LS13320 laser particle size analyzer in figure 1 (a). XRD profile of unhydrated C 3 S in figure 1 (b). Main physical indexes of NA are listed in Table 1 . 
Preparation of test specimens
To disperse NA into C 3 S paste uniformly, nano alumina and water was dispersed in ultrasonic disperser for 3 minutes, then mix the turbidity solution with C 3 S and stir for 5 minutes. The experiment used cube specimens (2cm×2cm×2cm) with 1%, 3%, 5% NA of C 3 S cast according to the water to binder ratio at 0.4. These samples were cured in air at 95% RH and 20°C until testing.
Characteristic techniques
In this study, SEM got used to characterize the pastes microstructure. An isothermal calorimeter working at 25°C was calculated the C 3 S hydration heat flow. The proportions of C 3 S-NA-H 2 O hydration samples are shown in Table 2 . The differential scanning calorimetry (DSC)-thermo-gravimetric (TG) curves were collected to determine the calcium hydroxide content and quantification of Calcium silicate hydrate in C 3 S samples at different hydration ages, at heating rate of 5 °C min -1 in flowing argon at a rate of 50 mL min -1 . 
RESULT AND DISCUSSION
Early hydration rate Figure 2 and figure 3 illustrate that NA has an effect on C 3 S hydration. With different NA content, the rate of C 3 S, named hydration heat release, are presented in figure 2 . In the first 12 hours, the exothermic rate of control sample increase than NA1 obviously. This is probably caused by volcanic pozzolanic reactions: 18 found that aluminates hindered C 3 S dissolution. The hydrated calcium aluminate can adsorb on the hydroxylated calcium silicate, which are mainly through the ionic interactions between calcium ions and aluminate on the surface of silicate. The total amount of hydration heat which releases curves in figure 3 also shows that control sample big than NA1.. Although aluminate inhibited the early hydration of calcium silicate, but the heat release rate and total heat release increased 12 hours later than that of the control group. This imples a higher degree of hydration in NA of the C 3 S. Two reasons have led to this result: (1) the binding strength of hydrated calcium aluminate to the hydroxylated C 3 S decreases and passivating effect reduced. (2) NA provides three synergistic effect in cement based materials high than aluminate passivation, which greatly promotes the hydration of C 3 S. 
Scanning electron microscopy
It can be seen from figure 4 that the use of NA had led to a significant improvement in the microstructure of C 3 S paste, where, the structure of NA3 has become denser than that of NA0. After hydration for 3 days, figure 4(a) and figure 4(b) illustrate that both NA0 and NA3 existence rod-shape hydration products, but NA3 is less than NAO and the structure is more dense. It can be seen from figure 4(b) that many plate-like hydration products are present in NA3. The sample at 28d, as shown in figure 4(c) , pores of different sizes and many incomplete hydration products on the surface. Figure 4(d) shows that the hydration of NA3 group is even more thoroughly, causing plenty of layered of C-S-H distributed on the surface, and the structure becomes more compact. This might be the additional calcium silicate hydrate formed by pozzolanic reaction and seeding effect or nucleation effect of NA formed the densifies microstructures. 
Anaphase hydration
The content of C-S-H and the content of Ca(OH) 2 are the two important indexes of the hydration process of C 3 S. In the fully hydrated cement pastes, C-S-H accounts for 50%~60% percent of the hydration product, so C-S-H is the main phase to determine the paste properties. The TG analysis method was used to analyze the C-S-H content of NA0, NA1, NA2 and NA3 at different days. It can be seen from figure 5, in the first three days, the content of C-S-H in NA0 group were significantly higher than those in NA1, NA2 and NA3. This might be the aluminate that prevents hydration of C3S. This can also be seen from figure 6 , that the CH content of NA0 is lower than NA1, NA3 and NA5 obviously, this indicating that NA reacts with CH to produce calcium aluminate hydrate that prevents C3S hydration. Upon progress of hydration, the inhibition of aluminates on C 3 S decreases, and the synergistic effect of NA is enhanced. After 28 days of hydration, the contents of C-S-H and CH in NA0 were lower than other groups significantly. This indicates that NA can promote the hydration of C 3 S. 
Conclusion
Nan-alumina in different contents participated in hydration of C 3 S. The results revealed that the early stage of NA prevented hydration and later promoted hydration. In the early hydration process, Ca(OH) 2 reacts with NA to form calcium aluminate hydrate by pozzolanic reaction, and aluminate can hinder C 3 S dissolution. With the expansion of hydration process, the passivation effect of aluminate weakened, and the nucleation effect of NA increased, which promoted the formation of more C-S-H and promoted the hydration of C3S. The content of CH and C-S-H added with NA are better than NA0, and the structure becomes more compact.
